Supplemental Table: Methods to probe GR-DNA Interactions

Method

Type

Utility/Application

Process

Pitfalls

Reference

ChlP-seq (Chromatin
immunoprecipitation
followed by deep
sequencing)

in vivo

Identify GR occupied regions (GORs) within
the genome in vivo. Particularly useful for
determining changes in occupancy in
different cellular conditions (e.g. different
cell types)

Cellular chromatin is crosslinked and
fragmented by mechanical or chemical
cleavage. Next an antibody bound resin is
used to precipitate the target factor
together with crosslinked genomic
fragments, the crosslinks are reversed, and
the co-precipitated DNA fragments are
prepared into a library and sequenced.

Relies on the specificity of the antibody-
antigen recognition as well as the context-
specific exposure of the epitope, efficiency
of crosslinking and reverse crosslinking,
accessibility of chromatin for pulldown,
and proper library preparation and
normalization to cellular chromatin input.
Care should be taken when interpreting
ChlIP-seq results, especially when making
quantitative interpretations comparing
ChlIP-seq peak signals done in different
conditions

1-6

ChlP-exo (Chromatin
immunoprecipitation
followed by
exonuclease
digestion and deep
sequencing)

in vivo

Identify GR occupied regions (GORs) within
the genome in vivo with base pair
resolution on a genome-wide scale

Similar general protocol as ChIP-seq except
it uses an endonuclease to degrade
accessible DNA before the crosslinking is
reversed. Protein-bound DNA is protected
from cleavage and, upon sequencing,
reveals genomic occupied sites at base pair
resolution.

The pitfalls associated with ChIP-seq apply
here. Additionally, differences in
exonuclease properties can lead to
nuclease-specific artifacts and altered
ChlIP-exo “footprint.”

4,78

DNase-seq (DNasel
hypersensitive site
(DHS) sequencing)

in vivo

Identify chromatin regions that are most
accessible to nuclease cleavage by DNasel
throughout the genome. These regions,
referred to as “nucleosome-depleted,” are
thought to be “open chromatin” often
important in regulation and occupied by
TRFs and other non-nucleosomal proteins

Low concentrations of DNasel are added to
permeabilized cells or isolated nuclei.
Open, or “nucleosome-depleted” regions
of chromatin are more sensitive to
cleavage by the enzyme. These can be
detected genome-wide by deep
sequencing.

Relies on permeabilization of cells or
isolation of nuclei - both of which are
inefficient steps that can create bias.
Although less biased than other nucleases,
DNasel may have some sequence
specificity that could influence DNA
cleavage.

6,9-13

DNasel footprinting

vitro

Determine in vitro protein—DNA binding
affinity and sequence specificity

High affinity protein—-DNA interactions
typically protect DNA from cleavage by
DNasel, resulting in a protein-specific
“footprint” of protected DNA with an
intensity of protection roughly
proportional to the fractional occupancy of
the protein at the binding site. Labeled PCR
amplified DNA is incubated with variable
amounts of purified protein. The
complexes are digested with limiting
amounts of DNasel and the footprint is
visualized via PAGE.

Normally performed in vitro on
unchromatinized DNA. For GR,
predominantly limited to DBD, however,
recently done on full-length purified GR in
a limited number of conditions.

14-16




FAIR-seq
(Formaldehyde-
Assisted Isolation of
Regulatory Elements
and deep
sequencing)

in vivo

Alternate method to identify “nucleosome-
depleted” regions of chromatin

This procedure identifies “open chromatin”
based on the observation that nucleosome
rich regions of the genome are more
efficiently crosslinked by formaldehyde
than nucleosome depleted regions. Briefly,
genomic DNA is crosslinked, the DNA is
then fragmented and phenol chloroform
extracted to segregate nucleosome-bound
(organic phase) from unbound (aqueous
phase). “Nucleosome-depleted” DNA is
identified via deep sequencing.

Limited use with GR in different cell types
and under different physiological
conditions with some notable exceptions.

17,18

X-ray Crystallography

vitro

Structural analysis of GR—DNA Interactions

Obtain three-dimensional structure from
exposing a crystal of protein—-DNA complex
to an x-ray beam. The diffraction pattern
intensities obtained can be used to
determine structure factors and calculate
electron density maps from which
structures can be derived.

For GR, work has been done with isolated
domains and not with full-length receptor.
X-ray crystallography is not optimal for
intrinsically disordered proteins and almost
half of GR is disordered. This causes issues
with obtaining large quantities of purified
full-length receptor required for
crystallography. Additionally,
crystallization can stabilize non-
physiological conformations; hence,
derived structures, especially protein—
protein interaction surfaces, should be
considered as models requiring validation
through other tests.

19-25

NMR (Nuclear
magnetic resonance)

vitro

Probing of the specific chemical
environment experienced by specific
atoms within a protein—DNA complex.

NMR makes use of the particular magnetic
properties of atomic nuclei to allow for the
study of dynamic features of the protein-
DNA interaction. Different labeling
strategies can be used, either the protein
or DNA is labeled with a heavy isotope,
such as °N or 13C. Spectra of individual
residues or DNA bases can be used to
compare protein alone to DNA bound, and
vice-versa.

For GR, NMR analysis has been conducted
with isolated DBD bound to different GR
binding sequences. High concentrations of
protein necessary for analysis precludes
study of full-length GR.

26-30

Molecular dynamics

silico

Monitor the computer-simulated
movement of atoms within a
macromolecule in different states and ask
how a structural model behaves under
different perturbations.

Computer-modeled movements of atoms
and molecules within a macromolecule are
constrained by computed inter-particle
forces and potential energies, interatomic
potentials, and molecular mechanics force
fields. Simulations occur over short, fixed
time intervals and give information about
dynamics within a macromolecule.

Molecular dynamics has been used to
monitor how the GR-DBD interacts with
different DNA sequences. This has been
conducted with isolated domains as these
are the only structural models available.

30-34




HDX-MS (Hydrogen

Used to identify changes in surface
exposed regions of GR under different
signaling contexts. These changes in

Deuterium exchanges more rapidly with
solvent exposed amide hydrogens and
slower with regions buried within the core
of the protein or covered upon interaction
with a partner. In this method, protein is
incubated in a deuterated environment to

HDX with GR-DNA interactions has been
conducted with isolated domains.
Magnitude of changes in solvent
accessibility do not scale directly with
changes in conformation or dynamics, for

; in L . allow amide hydrogens to exchange; then example small changes in solvent 35-37
deuterium exchange . solvent accessibility can be used to infer L o - .
vitro . . the reaction is quenched, the protein is accessibility can be due to large changes in
mass spectrometry) changes in conformation upon change of . . . . . .
signaling context (e.g. ligand or DNA dlge.sted VYIth the aC.Id Protease pepsin, Fqnfgrmatlon. As GR ft?rms a homodimer,
binding). and is subjected to liquid chromatography it is difficult to determine the degree to
mass spectrometry (LC-MS) to determine which each sister subunit is undergoing a
the amount of deuterium uptake, and thus | change is solvent accessibility.
solvent accessibility, of each proteolytic
cleavage product.
Monitor binding of proteins to
fluorescently labeled oligonucleotide
probe. A fluorophore, generally attached
to the smaller of the two reactants (a short | For GR—DNA interactions, FP has been
DNA fragment in this case), is excited with conducted with full length GR and with
FP (FIuc?res.cence {'n GR-DNA Binding Assay polarized .Iight. Upon binding to protein, isolated domains using purified proteins or 38,39
Polarization) vitro the combined mass of the complex extracts. Fluorescent label may affect the
increases, slowing the tumbling of the labeled DNA conformation or influence
fluorophore. This decrease in tumbling rate | protein—DNA binding.
is measured as a change in the intensity of
fluorescence emission at a particular angle
relative to the initial polarized excitation.
Monitor binding of proteins to labeled an In vitro assay that is useful for determining
oligonucleotide probe. A protein—DNA apparent equilibrium binding affinity, but
EMSA . complex will migrate more slowly on a can be difficult to quantify the kinetics of
(Electrophoretic {n GR-DNA Binding Assay non-denaturing polyacrylamide gel. the protein—DNA complex. Has been 21,27.28,40
Mobility Shift Assay) vitro Antibodies can also be used to target the conducted with full-length GR and with
protein of interest to generate a isolated domains using purified proteins or
supershifted protein-antibody-DNA band. extracts.
Generally, a plasmid bearing a GOR- Uses highly abundant exogenous DNA that
containing fragment cloned upstream of a does not reflect native chromatin states,
minimal promoter and the luciferase endogenous nucleosomal packing, histone
reporter gene is transfected into cells modifications, etc. Vulnerable to numerous
where endogenous or overexpressed GR artifacts upon TRF protein overexpression
Luciferase Reporter in vivo Monitor transcriptional activity change in can bind to the GOR fragment and and gene dosage. Typically tests a single 21,28,37,40,41

Assays

response to GR—genome interactions

potentially stimulate or repress
transcription of the luciferase reporter
gene. The amount of luciferase reporter
made can be measured by adding the
substrate luciferin to cells. The luciferase
enzyme will then catalyze a reaction that

GOR fragment in conjunction with a non-
native promoter. Does not account for
post-RNA polymerase Il initiation events,
which have been shown to be highly
regulated in endogenous contexts.




produces oxyluciferin and light, which is
used to infer transcriptional activity.
Each of these tgchnologles u§es aDNA Although powerful methods, TALEN and
sequence specific nuclease directed to a . .
. L . ZFN technologies have proven to be time
particular genomic site (e.g. a potential . .
consuming and expensive routes to
. . . . GRE). After cleavage of the endogenous L . . . .
Deletion, or single base pair resolution ) obtaining desired precisely edited genomic
. . . locus, endogenous cellular machinery
. manipulation of potential GREs at . elements. CRISPR-Cas systems have shown
Precise genome : . . . . repairs the DNA break. Non-homologous . . . .
" . endogenous loci. Used in conjunction with L . . . great promise to precisely edit potential 2,42
editing (CRISPR-Cas, in vivo . . end joining can introduce small insertions . .
ChIP, gPCR, RNA-seq, transcriptomics, or . . GREs as well as introduce affinity or
TALEN, and ZFN) L . and deletions mutating the endogenous . . .
other in vivo assays, can validate GRE . . fluorescent protein tags, and inducible
.. . . sequence. Alternatively, when a repair . . .
activity and identify GRE target gene. . . degradation signaling sequences to
template is provided, the cells can be .
. . endogenous TRF gene bodies. All of these
steered towards using homology driven . .
) . h technologies have low but finite rates of
repair to introduce predetermined "
. . - off-target editing.
sequences with single base pair precision.
In general, fluorescently tagged GR is
expressed in a cell line of choice and its Adding a large fluorescent tag to a protein
localization is monitored. This basic may inhibit natural function, or have stress
technique has been combined with inducing / toxic effects on cells. Tagged
i i i 43-48
Flulorescence in vivo Monitor GR-DNA Interactions in cells Number an.d Brlgh.tness methodologies to proteins ar.e o.verexp.ressed and strongly
Microscopy infer the oligomeric status of GR on altered stoichiometries can produce
chromatin. This technique has also been various artifacts. Inference of
combined with fluorescence recovery after | oligomerization states seems particularly
photobleaching (FRAP) to analyze GR- vulnerable to such artifacts.
chromatin dynamics.
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